We compare the data obtained through time diaries and survey questions on time use. Based on German data, we assess the exchangeability of time diary and survey estimates for several statistics. We find that both measures yield rather consistent findings. We interpret this rather good congruence of our time budgets as a result of our decomposed survey questions.
Introduction
This article compares the two dominant strategies of measuring time use: diaries and survey questions. While diaries are still seen as the most reliable sources of time budgets (e.g. Marini and Shelton, 1993; Juster, Ono and Stafford, 2003) , these data are more complex, more expensive and more time-consuming to collect and to analyse than survey questions (e.g. Bonke, 2005; Kitterød and Lyngstad, 2005) . However, a systematic empirical evaluation of both instruments based on the needs and analytical potential of today's improved data analysis techniques is just at its beginning (Kan and Pudney, 2008) . To our knowledge, there is only few data available which allow for a direct comparison of survey and diary estimates for the same respondents. Thus, it is often assumed that diary and survey estimates capture the same dimensions of time use commensurably. Yet, recent empirical studies from Great Britain (Kan, 2008; Kan and Pudney, 2008; Kan and Gershuny, 2009) , Denmark (Bonke, 2005) , and Norway (Kitterød and Lyngstad, 2005) make us unsure if this assumption is true.
Our article seeks to contribute to this literature by comparing data obtained by time diaries and survey estimates directly and empirically, using housework time as an example. Specifically for this purpose, we collected time budgets from 268 German couples, who provided us with detailed survey estimates of their weekly time use, and subsequently completed a 7-day time diary. Different from earlier studies, these data allow for comparing diary and survey estimates of eight different tasks rather than a global time budget for housework. Thus, we try to assess if decomposing housework into specific tasks yields more consistent results between survey and diary estimates. Moreover, we analyse whether all housework tasks are measured with equal validity, or if specific tasks are especially susceptible to error. We also compare differences between respondents' diary and survey estimates for specific socio-economic groups. Our conclusions contribute to recent developments in time budget research, and probably in other fields in which accurate quantitative measurement is an issue of ongoing concern.
Diary and Survey Estimates in Time Use Research
For many applications in time use research, diary and survey estimates are in principle equally suited. Ideally, both methods should provide equivalent information about how much time actors spend on certain activities. Because conducting a survey is usually cheaper and less time-consuming than conducting a diary study, the former is often preferred when it comes to designing an empirical study on time use. However, both methods may not be perfect substitutes and there are important theoretical and methodological problems which can be addressed appropriately only by the one or the other (recently Bonke, 2005; Kitterød and Lyngstad, 2005; Kan, 2008; Kan and Pudney, 2008; Kan and Gershuny, 2009) .
In general, the time diary method enjoys the reputation of being exceptionally valid and highly reliable (Marini and Shelton, 1993) . Robinson (1999) argues that time diaries may cover individual behavior very sophisticatedly. The respondents chronologically record all their activities for specific intervals of a day alongside a given time axis and/or given activities. Depending on the degree of standardization, the information gathered in this procedure can be more or less detailed. Survey estimates on time use are collected differently: respondents are asked how much time they 'normally' spend on given activities in a certain time interval, e.g. a day (Juster, Ono and Stafford, 2003) . The respondents are to calculate these time budgets spontaneously during an interview. Compared to diaries, no conclusions can be drawn regarding the course of the respondents' days or the sequencing of tasks. Moreover, it usually remains unclear what is meant exactly by the given activities, e.g. 'housework', or by the time intervals, e.g. 'normal day' (Robinson, 1999: 57) . At least the latter problem can be addressed in diary studies by asking the respondents if they perceived the recorded day as 'normal', and by excluding 'special' days from the analyses (cf. Bonke, 2005: 353) .
In recent years, time use researchers studied the obvious differences between diary and survey estimates, especially regarding paid work (most recently Otterbach and Sousa-Poza, 2010 ) and housework time (most recently Kan and Pudney, 2008) . Several mechanisms have been proposed why both measures often show significant discrepancies that might eventually lead to different substantive conclusions. Regarding housework time, differences between diary and survey estimates may be due to random and recall errors (Marini and Shelton, 1993) , because the tasks summarized as housework are usually performed erratically and with varying durations. Marini and Shelton (1993) also indicate that standardized questions usually do not allow differentiating between primary and secondary activities, risking that some intervals may be recorded twice or not at all, which would result in higher or lesser time budgets, respectively. Furthermore, there may be considerable intersubjective variation about which tasks respondents spontaneously consider as housework (cf. Baxter and Bittman, 1995; Kitterød and Lyngstad, 2005; Lee and Waite, 2005) . Consequently, when using global measures of housework time to compare diaries and survey estimates, observed discrepancies might reflect intersubjective variation in the perception of 'housework', rather than true instrument-related measurement effects. A considerable advantage of our study is, thus, that we do not ask for housework time in general but for the time spent on single tasks and then compare the time budgets for these specific tasks.
1 As a result, the deviation between diary and survey estimates should be largely free from different understandings and refer to variation directly related to the different measurement techniques. A third mechanism that might bias responses is social desirability, which is well known for survey questions, but has not been discussed for the case of time diaries yet. Press and Townsley (1998) conclude from their study that women and men tend to reproduce social roles through their answers on direct time use questions, for instance, to avoid further inquiry or to provide a consistent picture of themselves. As young and highly educated men, for example, are expected to have 'egalitarian' gender role attitudes and to help their partners with the daily household chores, they might tend to overestimate their time spent on housework, compared to, for example, older and lower educated women (cf. Kitterød and Lyngstad, 2005: 16) .
Reviewing several studies of the past 20 years (e.g. Robinson, 1985; Marini and Shelton, 1993; Niemi, 1993; Baxter and Bittman, 1995; Press and Townsley, 1998) , we find that women usually overestimate their time for housework to a greater extent than men. Bonke (2005) recently confirmed this result with Danish data whereas Kan (2008) shows that reported gaps between the two types of estimates are generally smaller for women. Kitterød and Lyngstad (2005) mention two possible reasons for these partially contradictory findings: On the one hand, women might overestimate their general time use for housework because they still do the largest share of it (Marini and Shelton, 1993) . On the other hand, women are said to have a more precise knowledge concerning the structure and time binds of housework, and thus should be able to estimate these time budgets more precisely than men (Press and Townsley, 1998) . Precise estimation of the total time spent on housework is difficult because one usually has to handle household duties in several-typically short-episodes, spread over the day. This problem does not exist in time diary surveys (Bonke, 2005) . However, Kitterød and Lyngstad (2005) conclude that despite the pronounced differences between diary and survey estimates, both measurement techniques provide relatively similar patterns of variation (Bonke, 2005; Kan and Pudney, 2008) .
Data and Methods
The data for our analyses come from the self-organized pilot study for the German PAIRFAM-project (cf. Schulz and Grunow, 2007; Schulz, 2008) . Married and cohabiting couples residing in Germany at the time of the interview were asked about their time use applying a new time use diary and a harmonized survey. The interviews were conducted by student interviewers who recruited the respondents within their circle of acquaintances. Hence, the sample drawn is a convenience rather than a random sample, which severely limits the possibilities of content-based analyses.
2 As far as methodological issues are concerned, however, there should be no samplingrelated limitations; even less as almost all planned interviews were realized, so that we do not have to deal with the problem of dropouts. Additionally, our data contains extremely few cases of item non-response, which clearly is a result of the convenience sampling strategy, as respondents were doing the interviewers a favour by participating in the survey, and by carefully and diligently completing the questionnaires. Detailed notes on the data collection process are provided in the Supplementary Data.
The core of our study is a time diary (Schulz et al., 2005; Schulz, 2008) , which every respondent kept for seven consecutive days. The time diary divides the day into 96 15-minute intervals. The respondents are asked to record all their activities chronologically along 27 standardized categories. Activities that are performed simultaneously, e.g. cooking and taking care of children, are to be recorded as parallel activities; initial analyses have shown, however, that this option is rarely used. With this information, we can draw a circumstantial picture of the everyday life of individuals in partnerships for a whole week, especially for primary activities.
Prior to the time diary, which stays with the respondents for a week, a standardized interview is conducted at the beginning of the survey (for the questionnaires see Grunow et al., 2006) . Besides collecting sociodemographic variables, the respondents are asked to estimate their every day time use on 'normal' weekdays as well as on 'normal' Saturdays and Sundays. The 27 standardized categories of the time estimation correspond exactly to those used in the time diary; thus, we are able to compare the single dimensions of time use without any intermediary steps of data aggregation or interpretation.
Our sample consists of 536 coupled individuals, resulting in an equal proportion of women and men. Twenty-one per cent of the respondents have completed lower secondary schooling ('Hauptschule'), 31 per cent an intermediate level of secondary schooling ('Realschule') and 48 per cent higher secondary education ('Abitur'). 55 per cent of the respondents were working full-time and 25 per cent part-time; 20 per cent reported being non-employed, half of them being enrolled in further education. The respondents' age ranges from 19 to 75 years (mean: 40 years). According to the sampling, all respondents were cohabiting at the time of the interview. Of the 268 couples, 192 had children. Forty-seven per cent of all couples lived together with their under aged children. Children's age ranges from 1 to 17 years. Seventy-three per cent of the couples are married and 27 per cent lived together in a non-marital union (seven missings). It is important to stress that our sample is not a random sample. Compared to the national distribution of socioeconomic characteristics, higher educated, not employed, and non-married respondents are overrepresented. The sample does not include any single person households. The average age of the respondents and the mean number of children are similar to the national averages (cf. Statistisches Bundesamt, 2006a,b) .
In our analyses, we investigate the respondents' diary and survey estimates of time spent on eight housework activities, which are regarded as the most relevant in the housework literature and comparable time use studies (e.g. Lee and Waite, 2005) . Different from other time use studies, we collected detailed information on specific housework chores. This approach is more geared to the cognition of the respondents compared to questions like 'How much time do you usually spend on housework on a normal weekday', which address this issue on a more abstract level. We assume that a respondent tends to think of actual activities, such as 'cooking', 'cleaning', or 'watching TV', rather than thinking in abstract categories like 'housework' or 'leisure'. Thus, in our survey the respondents do not need to solve the challenging task of reconstructing all the episodes corresponding to an abstract category (more detailed: Robinson, 1999) . Total housework time is calculated as the sum of (i) washing the dishes, setting the table; (ii) cooking, food preparation; (iii) cleaning, tidying up; (iv) doing laundry, ironing; (v) shopping for groceries and basic commodities; (vi) coordinating with other family members, i.e. taking responsibility for managing household tasks and coordinating children's activities; (vii) doing repair work, gardening; maintaining the car; and (viii) doing family paperwork.
The following analyses compare the survey estimates for these tasks with the corresponding time diary estimates. Parallel activities in the diaries are included. Due to the small sample size and possible sample selectivity, we do not seek substantial conclusions concerning time use, but try to answer the methodological question of congruence or discrepancy of diary and survey estimates. The calculations are restricted to time use on 'normal weekdays' that is Monday-Friday, because weekends are often characterized by a special time use structure. To make our analyses comparable to current studies, we harmonized our proceedings according to the current literature wherever possible. Table 1 shows descriptives for respondents' time spent on housework on a 'normal' weekday for the whole sample and separately for women and men.
Empirical Results

Descriptive Analyses
On average, our respondents spend $141 min/day on housework, according to the diary estimate, and 194 min according to the survey estimate. The average time for housework in our sample is similar to the results of representative studies. For the German case, Künzler et al. (2001) and the Federal Statistical Office (Statistisches Bundesamt, 2004) report just slightly higher time budgets for housework. Their estimates, however, may correspond better to the actual population average because of random sampling or the inclusion of weekend data.
Separate tests for different subgroups (e.g. age groups) indicate that the estimates of the diary significantly differ from the estimates of the survey. Still, both variables are highly correlated, meaning that respondents with higher diary estimates tend to report higher survey estimates. The same pattern of higher survey estimates can be found for sex specific means of housework time: women on average tend to over-report their time by 63 min/day, men by 44 min. However, women's housework time is almost twice as high as men's.
3
These results confirm Bonke's (2005: 361) findings that men's survey estimates differ less from the respective diary budgets than those of women. But relative to the absolute time budgets, women's survey estimates are actually more consistent: women tend to over-report their time by 33 per cent, and men by 48 per cent. 4 Kitterød and Lyngstad's (2005: 18) findings are not supported, as their study suggests almost no differences between the two estimates for similar analyses.
Further analyses for population subgroups show some noticeable differences by age, education, and family status regarding housework time (Table 2 ). Yet, similar tendencies of over-reporting occur between the groups when comparing diary and survey estimates. Table 2 shows that diary and survey estimates differ significantly for women and men, both in general and also when controlling for different subgroups. 5 The average 'over-reporting' ranges from 37 to 76 min/day. We therefore conclude that one cannot simply substitute both estimates, at least not if one aims to compare absolute time budgets metrically. For ordinal comparisons, though, both measurement techniques produce similar results, whereas it is then not possible to quantify the differences. Table 3 shows the time budgets for the eight domestic tasks. For the single activities, the diary and survey estimates differ only quite marginally. Thus, the differences observed for total housework time are to some extent a product of summing up all the little inconsistencies for the single activities that constitute housework. We therefore conclude that what may be seen as a negligible blur on the level of single tasks results in significantly different means as soon as these activities are added up.
On average, the survey estimates differ from the diary estimates by a maximum of 19 min/day. The differences between diary and survey estimates are slightly higher for women than for men. For both sexes, the greatest differences can be found for those everyday tasks which cannot be easily postponed, for instance cooking or cleaning. Regarding more selective chores, e.g. paperwork or coordination, the differences are negligible, as they do not exceed 3 min/day on average. For all activities, the survey estimates are higher than the diary estimates.
6
Analyses of subgroups show similar relations of the differences within these groups (as for total housework time in Table 2 ), therefore, allowing for ordinal comparisons between both measurement techniques.
The respondents seem to be able, on average, to estimate their time for precisely specified activities quite well, though there is a tendency to over-report time budgets by a maximum average of 19 min/day. These findings for single activities relativize the previous findings of great differences between diary and survey estimates for aggregated housework time. Furthermore, we barely find any precise estimation of time budgets in our sample, except for those respondents who do not perform a single activity at all.
To examine the differences between diary and survey estimates more closely, we focus in the next step on their absolute deviation. Analysis of the absolute deviation, in addition to the arithmetic means, is important because the arithmetic mean neutralizes the distances of each observed value to the mean's value. Neutralization results from taking the sign of this difference into account. Consequently, 'estimation errors' with positive and negative signs tend to cancel each other out. Thus, the mean informs about differences between two different distributions. It does not inform about the average absolute deviation between diary and survey estimates for single respondents. Consequently, based on the arithmetic mean one cannot assess the 'precision' of the respondents' survey estimates. The actual individual 'estimation errors' which are implicit in the mean value might therefore be much larger at a second glance, when absolute deviations are considered. Table 4 compares the average deviation and average absolute deviation for the eight housework activities.
7
The findings confirm our assumption that the mean suggests 'better' survey estimates than the absolute deviation. The absolute deviation is higher in all cases when compared to the mean. We find slightly different results by gender according to specific tasks. Testing subgroups showed no systematic differences. Thus, these findings corroborate the deep impact of the statistical modeling on the time use results.
We also replicated Bonke's (2005: 362, We conclude that, even on the level of single activities, a precise survey estimate of time is not very likely to be obtained. This conclusion draws of course on the assumption that time diaries measure time budgets more validly. The respondents' survey estimates clearly differ from the diary estimates. This fact tends to be overlooked when only using the arithmetic mean, which neutralizes the underlying variation of a distribution.
Multivariate Analyses
Previous studies (e.g. Bonke, 2005; Kitterød and Lyngstad, 2005) argued that ordinal comparability of time budgets within different subgroups would lead to similar results when applying multivariate analyses. This assumption would be true if the difference between diary and survey estimates did not vary significantly according to certain characteristics of the respondents. In order to test this assumption, we apply multivariate regression analyses to our data. The dependent variable in our regression model is this particular difference: t survey -t diary . A positive difference indicates 'over-reporting' (survey estimates exceed diary estimates); a negative difference indicates 'under-reporting'. As in other recent empirical studies, we control for age, educational level, children in the household, and employment status (cf. Bonke, 2005; Kitterød and Lyngstad, 2005; Kan, 2008) , and estimate OLS-and Seemingly Unrelated Regression (SURE)-models. Since we have couple data, we run separate models for women and men to avoid problems of pairwise dependency between the cases. Table 5 shows the OLS regression results for women and men. Even though the explained variance is rather low in both models, they yield noteworthy evidence. For women, the coefficients for age, education, and children in the household do not account for an explanation of the housework time differentials. This is not in line with, for instance, Bonke's (2005) results which hint towards a non-linear age effect and an effect of children with different ages (both variables were tested but did not change the substantive findings). Yet, we find a significant effect of women's employment status on housework time differentials: Working women, no matter whether full time or part time employed, significantly over-report their housework time compared to non-employed women. An explanation for this finding might be that working women face a double burden when they carry the main responsibility for the household. Also, as we know from time psychology, time spent on 'unpleasant tasks', and housework would probably fall into this category, subjectively appears to be longer than it actually is, thus leading to 'over-reporting' (cf. Borg and Galinat, 1985) . We might speculate at this point that survey estimates contain other perceptional characteristics of the situation to a certain extent (cf. Borg and Galinat, 1985) . The models for men's differences between the two estimation methods show no significant variations along socio-demographic characteristics. In this case, we dare to conclude that using diary estimates or a set of decomposed survey estimates would provide the same results in multivariate analyses of housework behavior. Table 6 supports the conclusions from Table 5 , applying a SURE model (Zellner, 1962) to estimate the time budgets for diary and survey data separately accounting for possibly correlated error terms (cf. Kan and Pudney, 2008; Otterbach and Sousa-Poza, 2010 ). For men, the Wald tests indicate equality of the coefficients, i.e. no substantive difference between the models. For women, the difference between employed and notemployed women is reproduced; no differences for the other variables can be found. The correlation matrix suggests that the residuals of both equations are correlated by 0.39 for women and by 0.44 for men. Applying a Breusch-Pagan test, the null hypothesis of a zero correlation can be rejected for women and men ( 2 ¼ 39.830 and 49.216, respectively; P ¼ 0.000 for both sexes). In sum, both OLS and SURE models consistently point to significant, however small, measurement instrument effects for women's housework time and no instrument effects for men's housework time.
In addition to the models for total housework time, we estimated regressions for specific combinations of tasks (e.g. regularly performed activities, such as cooking or cleaning, or less frequently performed activities, such as family paperwork or repair work). The OLS models and the corresponding SURE models are provided in the Supplementary Data (as Supplementary Tables S5.1,  S5 .2, S6.1, S6.2). These findings are largely consistent with the models for total housework time as they do not indicate large differences between the two measurement techniques. For women, the models for regular chores perform best, indicating no significant differences between the two measurement techniques.
Discussion and Conclusions
We provided an empirically informed discussion of the similarities and differences between diary and survey estimates on time use. The most important finding of our analyses is that time use estimates may differ noticeably according to the measurement technique employed. On the aggregate level of total time for housework, both diary and survey estimates produced significantly different means for several subgroups. We, therefore, conclude that for obtaining accurate descriptive statistics of absolute time budgets within different populations, there still seems to be no alternative to time diaries (Bonke, 2005: 367) . Whereas the means for single household tasks suggested a relatively high concord, an analysis of absolute deviations illustrated that the survey estimates tended to be different from the respective diary estimates. Completely congruent estimates virtually did not occur. The rather good correspondence between diary and survey estimates of time use, which is for the German case for example reported by Künzler (1999) , therefore appears to result from the statistical characteristic of the mean, which neutralizes individual-level variation, rather than from the actual correspondence of both measurement techniques. Thus, not only the measurement technique, but also the statistical modeling of the data strongly influences the results.
Our findings are more positive regarding ordinal analyses. The relations and ranking orders between different subgroups are identical for both ways of measuring time budgets. This finding is in line with previous studies, but goes beyond them in showing that this holds true even for single household tasks. Our multivariate analyses, which aimed to explain the housework time differentials with socio-demographic characteristics, showed no significant differences for þ men, and only slight differences for women regarding their employment status. This points towards little measurement-related bias in multivariate regression. However, our analyses also show that effects of women's employment status might partially catch measurement error, and therefore need to be interpreted with caution. Going beyond previous studies, our paper showed that precisely defining the tasks to be estimated helps the respondents to give more congruent answers and thus to avoid over-or under-reporting. This finding is important because it encourages a refined analysis of selected household tasks (D. Grunow and N. Baur, manuscript under review), rather than suggesting that an index combining several items leads to a more reliable measure per se. Of course, the small sample size, the convenience sampling method, and the small set of control variables available in our data set, clearly limit the scope of our study. In particular, some of the time budgets reported in this study might differ from the population average derived from census samples or large-scale time use studies. Nevertheless, our data and analyses provided original evidence for Germany by comparing housework time derived from standardized time diaries and decomposed survey questions on single housework tasks. Beyond the background of prior research in Europe, America, and Australia, we expect our conclusions to be generally relevant for time use research. Our considerations may also go beyond the scope of time budget measurement and will hopefully inform other fields in which obtaining accurate quantitative measurement is an issue of ongoing concern. Furthermore, the implications of this study extend beyond housework time, as other aspects of time-use are gaining attention in social science research, for example health-related issues (Ver Ploeg et al., 2000) , or life styles of the elderly (Niemi, 2009) .
Albeit our study does not claim to be representative, we dare to offer four methodological considerations to stimulate the ongoing debate about time budget measurement. First, we suggest that a decomposed way of measuring housework time in large-scale surveys might lead to more accurate results than asking for broader categories that confer the task of interpreting the meaning of the concept to the respondent. There is an ongoing debate if decomposition might instead harm the accuracy of behavioral frequency reports (cf. Belli et al., 2000) . As a matter of data, we were not able to compare our decomposed budgets to a global time budget. Yet, our analyses seem to be a good starting point for further methodologically driven data collection and research. Second, collecting and using multiple indicators to assess the quality of existing measures is a strategy to further improve on measurement practices. In particular, recent measurement research in the field of education points to promising developments in the area of optimal scaling (Schröder and Ganzeboom, 2009 ). Third, as precisely asking questions in surveys is all but a platitude in empirical research, our interpretations might also be stimulating for other fields of measurement where normally abstract questions are used to assess certain latent dispositions, for example in research on attitudes or gender roles (D. Grunow and N. Baur, manuscript under review), but also for any other activity in time use research (e.g. leisure time). At least, it seems worthwhile to give it a try in those fields where research has started to go round in circles (in this respect, housework can be seen as an exposed example). Fourth, the effect of women's employment status on reported differences between survey and diary time budgets suggests that the respondents' individual perception of the situation, and probably their norms and attitudes at the time of the interview, might influence the estimates 'whereas the consecutive structure of a diary properly leaves out this kind of measurement error' (Bonke, 2005: 365) . One goal of future research in this field might thus be to learn about these influences to somehow standardize the interview situation, or to include control variables in the models to account for this particular 'disturbing' variance.
Rather than simply applying available survey questions on time use in new studies, it would be worthwhile to invest in obtaining empirical data to clarify why survey and diary estimates differ markedly, and what can be done to improve the quality and power of both techniques (cf. Kan and Pudney, 2008; Kan and Gershuny, 2009) . Otherwise time use research will remain in constant doubt whether available data can provide commensurable time budgets. Future research should examine closely the cognitive processes underlying respondents' estimates of their time use (cf. Gershuny, 2004) . A goal would, therefore, be to better harmonize survey questions to the interviewee's perception of everyday action. In general, scholars should select their time use measurement techniques depending on theoretical needs rather than on custom or convenience. With today's knowledge only a combination of several methods allows to circumstantially picture people's time use, namely by mutually emphasizing and relativizing each method's advantages and measurement errors.
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